Molecular characterization of hCTR1, the human copper uptake protein.
We have expressed hCTR1, the human copper transporter, in Sf9 cells using a baculovirus-mediated expression system, and we observed greatly enhanced copper uptake. Western blots showed that the protein is delivered to the plasma membrane, where it mediates saturable copper uptake with a K(m) of approximately 3.5 microm. We also expressed functional transporters where the N-linked glycosylation sites were substituted, and we provided evidence for the extracellular location of the amino terminus. Accessibility of amino-terminal FLAG epitope to antibody prior to permeabilization and of carboxyl-terminal FLAG only after permeabilization confirmed the extracellular location of the amino terminus and established the intracellular location of the carboxyl terminus. Tryptic digestion of hCTR1 occurred within the cytoplasmic loop and generated a 10-Da carboxyl-terminal peptide; cleavage was prevented by the presence of copper. hCTR1 mutants where Cys-161 and Cys-189, the two native cysteines, were replaced with serines also mediated copper uptake, indicating that neither cysteine residue was essential for transport. However, the mutants provided evidence that these residues may stabilize hCTR1 oligomerization. Western blots of hCTR1 in Sf9 cells showed expression levels 100-fold higher than in mammalian (HepG2) cells. The high level of functional expression and the low level of endogenous copper uptake will enable future structure-function analysis of this important protein.